A structural concept for nucleoli of Dictyostelium discoideum deduced from dissociation studies.
We aimed to establish whether there is a matrix structure in the nucleolus to which the ribosomal DNA (rDNA) is strongly attached. To detect artifacts that might occur during the harsh histone extraction procedures frequently used for matrix preparation, we dissociated nucleoli of Dictyostelium discoideum with a range of NaCl or heparin concentrations. With heparin treatment significant amounts of rDNA were solubilized into the dissociating solution. When the residual nucleoli were digested with Eco RI, none of the Eco RI fragments of the rDNA remained preferentially bound to the residual nucleoli, indicating that there is no matrix attached to a specific site on the rDNA. When residual nucleoli were examined by electron microscopy, a correlation was found between the extent of solubilization of rDNA, the loss of nucleosomes, and, in heparin-treated nucleoli, the loss of ribonucleoprotein-bound components. These results suggest that the rDNA is released from the nucleoli as soon as nucleosomes have been dissociated and transcription complexes disrupted. Electron microscopy also showed that the NaCl concentration required for dissociation of nucleosomes was higher when divalent cations (Ca2+, Mg2+, Cu2+) were used during the isolation or the treatment of the nucleoli prior to dissociation in high salt. Furthermore, the residual, high-salt-resistant structures were much larger when nucleoli were pretreated with divalent cations or when they were purified in the presence of Ca2+ than when they were purified in its absence. Hence divalent cations, which induce chromatin condensation, prevented nucleolar dissociation whereas treatment with chelating agents, which loosen chromatin compaction, led to much smaller residual matrixlike structures. Nucleoli could be dissociated with heparin to a larger extent than with NaCl so that in Ca2+-free preparations no residual nucleolar matrixlike structures could be detected. Our results suggest that the nucleolar "matrix" seen in the electron microscope is due to incomplete dissociation of the nucleolar material. We propose that in nucleoli of Dictyostelium the rDNA is not attached to a tightly binding matrix structure, but that nucleoli are stabilized by side-to-side contacts between chromatin fibers and transcription complexes.